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SPECIFICATION 

Absorbent article containing blood-gelling agent 

3 This invention relates to absorbent articles, espe- 
cially sanitary appliances and particularly those use- 
ful for absorbing blood-containing fluids. 

Over the past several years, attempts have been 
made to design a sanitary napkin having improved 
10 absorbent utilization and controlled staining and 
flow characteristics. Sanitary napkins are tradition- 
ally made from inexpensive cellulosic material. 
While these materials do provide absorbency when 
used without modification, they suffer from certain 
15 disadvantages. Menstrual fluid is not immobilized in 
wood pulp fluff or other conventional cellulosic 
absorbents. Because of this factor, when pressure is 
exerted which compresses these absorbents, the 
fluid is liberated and can either be pushed upward 
20 through a fluid permeable covering to contact the 
wearer or can run outward along the top surface of 
the absorbent and may promote side staining. . 

In an attempt to counteract these difficulties, fluid 
directional means have been used. These directional 
25 means which have been designed to move fluid 
rapidly through the top surface of absorbent mater- 
ial and/or directionally outward toward the ends of 
the napkin have tended to increase the absorptive 
efficiency and capacity of a napkin but, even with 
30 these improvements, saturated napkins still may lib- 
erate menstrual fluid. 

Attempts have been made to at least partially 
immobilize menstrual fluid and increase the absorp- 
tive capacity of napkins by the inclusion of so-called 
35 superabsorbent material. This material is either 
modified cellulose or synthetic polymer with 
increased capability for absorbing aqueous solu- 
tions. The superabsorbent material is generally in 
the form of a cross-linked three dimensional struc- 
40 ture which allows for the penetration of the aqueous 
component of menstrual fluid but the suspended 
plasma proteins and blood cells are too large to 
penetrate into this preformed superabsorbent mater- 
ial structure and are left as a partially hydrated and 
45 concentrated mass surrounding the particular 
superabsorbent material particle. 

The interaction with superabsorbent material 
(SAM) is further complicated in that the blood cells 
and plasma proteins present in menstrual fluid also 
50 appear to have a large affinity for the aqueous por- 
tion of the blood. This is thought to be the case 
because it has been heretofore impossible to dehy- 
drate blood to such an extent that precipitation of the 
solids via the withdrawal of fluid by superabsorbent 
55 material occurs. Thus a balance in equilibrium is 
determined in any particular napkin by the relative 
magnitude of the affinities of the SAM and the blood 
solids for the aqueous portion of the blood as well as 
the relative absolute amounts of each component. 
60 While superabsorbent material traditionally 
absorbs the aqueous portion of blood containing 
fluids with extreme rapidity, initially the protein frac- 
tion of the blood surrounds the individual superab- 
sorbent particles, because of this preferential 
55 absorption therefore the absorption of the fluid as a 



whole is decreased. 

There have been a variety of other compounds 
and approaches utilized in an attempt to immobilize 
menstrual fluid and/or blood. One such approach is 

70 set forth in U.S. Patent 3,669,103 which describes 
cross-linking superabsorbent materials of different 
chemical compositions. The result is a covalently 
cross-linked gel whicti can absorb aqueous fluid. The 
structure formed by this reaction is a three- 

75 dimensional polymericchain network which is 
water-insoluble but. water-swellable. In blood, the 
swollen gel is surrounded by a viscous, partially 
dehydrated, blood solid residue. 

Another attempt to immobilize blood or menstrual 

80 fluid is disclosed in U.S. Patent 3,670,731 which 
teaches the utilization of cross-linked hydrocolloids 
such as hydrolyzed, cross-linked poryacrylamide or 
sulphonated polystyrene. Cross-linking agents are 
di-vinyl chlorides and these compounds are the typi- 

85 cal covalently cross-linked three-dimensional net- 
work gels associated with typical superabsorbent 
systems. 

Another example of this type of system is dis- 
closed in U.S. Patent 3,645,836 which discloses the 

90 preparation of "gel-forming fibers" by precipitating 
guar gum from water with isopropyl alcohol. This 
reaction is unlikely to form a true gel; indeed it is 
difficu It to see how the water-soluble guar gum 
molecules could become cross-linked except 

95 perhaps, by mechanical entanglement- After absorb- 
ing aqueous fluid the fibrous material will most 
probably turn into a viscous solution rather than a 
true gel. 

Yet another approach is that disclosed in U.S. 

100 Patent 3.81 0,468 which describes a lightly cross- 
linked, water-insoluble superabsorbent material. 
Example 8 describes "various copolymers of 
mono-olefinic compounds with maleic anhydride 
which can be lightly cross-linked and reacted with 

105 ammonia or alkali to produce water-insoluble, highly 
water-swellable polymer products". Mono-olefinic 
compounds are ethylene, styrene or vinyl methyl 
ether. The patent further teaches that cross-linkages 
are introduced in the monomer charge or, "alterna- 

110 tively, the olefinic-maleic anhydride copolymer is 
prepared as a substantially linear polymer and then 
reacted with a cross-Unking agent." In order to ren- 
der the copolymer hydrophilic the material is placed 
in a pressure vessel and treated with ammonia gas 

115 to convert the maleic acid to the "half amide-half 
ammonium salt form". 

U.S. Patent 3,980,563 and 4,154,838 describe 
superabsorbent materials of differing chemical 
compositions including a maleic anhydride 

1 20 copolymer. All of these materials are slightly cross- 
linked, water-insoluble but water-absorbing com- 
pounds. 

Another similar type of compound system is 
described in U.S. Patent 3.983.095 which pertains to 

125 the preparation of water-insoluble water-swellable 
derivatives of a copolymer of maleic anhydride and 
at least one kind of suitable vinyl monomer in fiber 
form (fiber form exists when in the dry state). The 
fiber will form the same type of gel with aqueous 

130 fluid after it has been absorbed as those described 
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above. Other patents of interest which form the 
same type of cross-linked three-dimensional gel 
structure involving water-insoluble materials are 
U.S. Patents 4,192,727 and 4,051,086. 
5 Another approach is that disclosed in U.S. Patent 
4,179,416 which relates to the formation of alloy fib- 
ers where a synthetic polymer is dispersed in a mat- 
rix of regenerated cellulose. The synthetic polymer is 
water-loving and non-crystalline. Because of these 
10 characteristics the fluid retention of the alloy fiber is 
larger than the pure regenerated cellulose fiber. One 
of the synthetic linear polymers mentioned is 
Gantrez AN-145 manufactured by GAF Corporation. 
Gantrez is a methyl vinyl ether/maleic anhydride 
1 5 copolymer. According to the procedure set forth in 
that disclosure, Gantrez will become completely 
hydrolyzed after injection in the viscose dope and in 
the regeneration bath. In addition, the hydrolyzed 
Gantrez will be completely enveloped by the regen- 
20 erated ceilulose matrix and therefore, in that dis- 
closure it could not react directly with blood or men- 
strual fluid. 

With the exception of the last mentioned patent, 
alt of the prior art approaches have been directed 
25 towards forming systems which are completely dis- 
ordered covalent polymer networks. This system is 
described and categorized by J. P. Flory in an article 
in Far. Disc Chem. Soc. 57; 7-18, 1974. In this article 
Flory develops a classification scheme built upon the 
30 structural criteria of the compounds used for form- 
ing-various gelling agents. All of the prior art with 
the exception noted above, is categorized as a class 
2 gel by the Flory classification. 

Interestingly enough, U.S. Patent 3,810,468 dis- 
35 cussed previously discloses a lightly cross-linked 
polymer including an olefinic maleic anhydride for 
reaction with blood type fluids. It is thought that this 
is done to render the molecule more hydrophilic and 
as such, the compound no longer functions as an 
40 anhydride. 

The general approach as set forth in the above 
patent disclosures involves the thickening or reac- 
tion of blood as if it were an aqueous fluid. Inevit- 
ably, all of the agents utilized to immobilize the 
45 blood samples are cross-linked to some extent and 
are at least partially insoluble in an aqueous envi- 
ronment due to this cross-linkage. All of the 
immobilizing agents with the possible exception 
noted, form class 2 gels due to the three- 
50 dimensional cross-linkinn discussed previously. 
None of the systems for thickening, however, con- 
template the reaction with blood components itself 
to immobilize the solution. Such a system would 
allow for much more complete utilization of the mat- 
55 erial because it would complex with the entire solu- 
tion of blood or menses rather than be pan of the 
selective immobilization present with the class 2 gels 
which are part of the conventional approach. 
According to the present invention there is pro- 
60 vided an absorbent article useful for absorbing 
blood or blood-containing body fluids which com- 
prises a fluid impervious baffle, an absorbent com- 
ponent and a blood-gelling agent (as hereinafter 
defined). 

65 According to this invention an absorbent article. 



such as a saintary napkin, designed to absorb 
blood-containing fluids is combined with a blood- 
gelling agent to increase the efficiency of the absor- 
bent device by increasing the viscosity and/or 
70 immobilizing blood or blood-like material in the 
device itself resulting in an increase in fluid reten- 
tion. This is accomplished by utilizing agents which, 
when combined wish blood, form particulate disor- 
dered structures, as set forth in the Flory gel classifl- 
75 cation. Blood-gelling agents for the purposes of this 
invention are, therefore, classified as agents which: 
react with the protein present in blood or menstrual 
fluid; which form particulate disordered structures 
according to the fourth class of gels defined by 
80 Flory; which are essentially completely water- 
soluble; essentially completely linear (i.e. non- 
cross-linked); and which when placed in water will 
not form a class 4 gel without the presence of blood 
protein. The several features described in the pre- 
85 ceding sentences clearly differentiate over the con- 
ventional approach to immobilizing blood and men- 
strual fluid discussed in the prior art. Surprisingly, 
several of the compounds and copolymers utilized 
as components of type 2 gelling systems can with 
90 proper treatement be employed as blood gelling 
agents in the present invention. These blood gelling 
agents generally are of two types i.e. di-carboxylic 
anhydrides and polycations. in both instances, these 
classes of compounds form complexes dependent 
95 upon their reaction with free primary amino groups 
in available protein either from blood cells or from 
plasma present in menstrual fluid. 

Suitable compounds which may be utilized as 
blood gelling agents include the maleic anhydride 
100 group of copolymers such as the Gantrez AN series 
of methyl vinyl ether/maleic anhydride copolymers. 
These compounds are sold in several different 
grades with the grades each representing a different 
range of molecular weights. 
105 Another series of compounds which function 

according to the principles of this invention are the 
ethylene maleic anhydride resins made by Mon- 
santo Industrial Chemicals Corporation, St. Louis, 
Missouri. Again, several grades are available in dif- 
110 ferent molecular weight ranges. 

In addition the styrene-maleic anhydride 
copolymers manufactured by Monsanto as Scripset 
resins are available for use according to the teach- 
ings of this invention. All of the compounds listed 
115 above are of the di-carboxylic anhydride type which, 
when partially hydrated and in solution with the 
caveats described below, react with the free amino 
groups in blood. 
As mentioned above an alternative type of blood 
1 20 gelling agent are the large molecular weight cationic 
poryelectrolytes. This is so because plasma proteins 
tend to carry negative charges at the prevailing pH of 
blood and when these compounds are utilized a gel- 
like polyelectrolyte complex is formed. Examples of 
125 cationic agents according to this invention are WT 
1700 and WT 1850 made by Calgon Corporation of 
Pittsburgh, Pennsylvania, which are acrylamide 
copolymers. Reten 210 is sold by Hercules Powder 
Company, Wilmington, Delaware, as a flocculation 
130 aid and is also an acrylamide copolymer. Another 
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suitable polycation is Cellbond 1 20 an amphoteric 
guar gum made by Celanese Corporation of New 
YorkTNewYork. 

There are several factors which affect the gelation 

5 of the di-carboxylic anhydride copolymers with 
blood. The gelation rate, inferred from the rate of 
viscosity increase, is rather slow. When a blood gel- 
ling agent is mixed or stirred into an aliquot of blood 
fluid, the maximum viscosity is reached after about 

10 one hour, depending on such variables as the agent 
concentration, pH and polymer dissolution rate. (The 
gelation rate should be even slower in a napkin 
where there is no mechanical stirring.) 
This slow gelation rate is in contrast to the rate of 

1 5 blood fluid - superabsorbent interaction, which 
tends to be very rapid, initially. However, the initial 
gel material tends to block or impair continued fluid 
flow resulting in inefficient use of superabsorbents 
contained in a napkin (or other blood absorbing pro- 

20 duct). 

It has been demonstrated that the blood gelling 
agent works effectively at the pH ranges associated 
with blood and menses i.e. between 6.2 and 7.2. 
In the case of menstrual fluid, the addition of urine 
25 to menstrual fluid in a pad is not uncommon. It has 
been found that this addition weakens the intensity 
of the gel formation and is believed to function as a 
dilution factor. 
One of the surprising features of the research done 
30 with both the EMA and Gantrez resins was that sev- 
eral of the samples did not form a gel with blood 
within six to eight hours while others formed a rigid 
gel within two hours. It has subsequently been 
determined that the samples which did not form gels 
35 within the extended period were "fresh" samples. 
The samples are sold as anhydrides and it has now 
been Determined that it is necessary for at least part 
of the hydrophobic anhydrous di-carboxylic acid 
groups to be hydrated to form hydrophilic carboxyl 
40 groups for the gelling reaction to occur at all. These 
facts were confirmed by infrared spectroscopic 
analysis. It is theorized the reason for this is that the 
presence of carboxylic acid groups in the partially 
hydrated polymer increases solubility because the 
45 anhydrous Gantrez AN is extremely hydrophobic 
while the completely hydrated Gantrez S-97 which 
also does not form a gel with blood dissolves rapidly 
in water. Therefore, the presence of some hyd- 
rophilic carboxyl groups on a polymer chain seg- 
50 ment with di-carboxylic anhydride groups appears 
to help solubilize the polymer molecules in aqueous 
blood fluid. This solubitized macromolecule, it is 
theorized, diffuses through the blood until the di- 
carboxylic anhydride groups react with primary 
55 amine groups of plasma protein to form a protein 
gel. 

Another factor to be considered in the choice of a 
particular blood gelling agent is the molecular 
weight of the polymer. Among chemically identical 

60 samples, higher molecular weight polymers and 
copolymers produce more rigid gels and produce 
them more rapidly. The decision between higher 
molecular weight and lower molecular weight 
copolymers and polymers is generally a function of 

65 cost, however. This is so because the same effect 



can be obtained by increasing the concentration of a 
lower molecular weight polymer in the absorbent 
medium. 

The other broad category of agents i.e. the 

70 polycationic geiiing agents seem to react due to elec- 
trostatic forces in the same way to the variables set 
forth above: although, the precise mechanism of the 
interaction on each ofthe polycationic gelling agents 
with blood is not known at this time. What is known 

75 is that the polycationic gelling agents described 

react in the same manner when employed in similar 
concentrations in a sanitary napkin, albeit at a higher 
gelation rate. 
Either type of blood gelling agent can be used at a 

80 level of e.g. 0.2 to 1.5 grams per sanitary napkin 
depending upon the variance discussed above as 
well as the location and purpose of the blood-gelling 
agent. It is apparent, for example, that if the blood 
gelling agent is used in conjunction with conven- 

85 tional fluid direction means such as embossed lines 
or the like, the location of the blood-gelling agent 
can be concentrated at or along the end of the 
embossed lines. Alternatively it may be desirable to 
blend the blood-gelling agent uniformly with the 
90 absorbent component to provide an equal disper- 
sion of the blood stain and increase the overall 
capacity of the napkin. A further alternative which is 
particularly preferred is to place the blood-gelling 
agent in a uniform layer near the bottom of the nap- 
95 kin. The currently preferred configuration utilizes the 
conventional absorbent and then works to immobil- 
ize excess blood as the napkin becomes saturated. It 
is also possible to design a napkin of reduced thick- 
ness utilizing the blood-gelling agent in conjunction 

100 with conventional cellulosic absorbents and relying 
upon the capillary suction of the cellulosic absorbent 
and subsequent immobilization by the geiiing agent 
thereby allowing for reduction in bulk of the conven- 
tional absorbent component. A single intermediately 

1 05 positioned layer of blood-gelling agent with or with- 
out suitable carriers or in conjunction with the 
superabsorbent materials are further embodiments 
also contemplated within the scope of the subject 
invention. 

1 1 0 Some embodiments of the invention will now be 
described by way of example and with reference to 
the accompanying drawings, in which: 

Fig. 1 is a diagrammatic plan view partially in cross 
section of an embodiment of the invention; 

1 1 5 Ftg. 2 is a diagrammatic plan view partially in cross 
section of a second embodiment of the invention; 
and 

P*""^ Fig. 3 is diagrammatic perspective view partially in 

I cross section of an apparatus for testing absorbent 

t20 articles according to the invention. 

! With reference now to the embodiments of Figs- 1 
and 2. in each case there is shown a sanitary napkin 
having a fluid pervious cover 12 overlaying an 
absorbent layer 1 1 which rests on a fluid impervious 

1 25 baffle 10. The sanitary napkin thus illustrated shows 
a die cut configuration but configurations in which 
the fluid permeable cover material 12 encircle the 
baffle 10 are also contemplated and are for purposes 
of this invention substantially equivalent. Baffle con- 

1 30 figurations of different types in which the baffle 
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extends along the sides of the absorbent batt and 
overlaps a portion of the top are well known in the 
art and are also contemplated within the scope of 
this invention. 
5 The embodiments in Figs. 1 and 2 differ insofar as 
in the embodiment of Fig. 1 the absorbent layer 1 1 
contains blood-gelling agents and conventional 
absorbents whereas in the embodiment of Fig. 2 the 
absorbent layer 1 1 contains conventional absor- 

10 bents and the blood-gelling agent 15 rather than 
being present as an intermingled component dis- 
persed homogeneously throughout the absorbent 
material is positioned between two layers of tissue 
13 and 14 which can be glued together with the aid 

15 of an atomized spray of water or a solution of dilute 
sodium carbonate depending upon the particular 
gelling agent. As mentioned above, the currently 
preferred method for positioning the blood-gelling 
agent is against the baffle or at least on the bottom 

20 portion of the absorbent layer and this is one particu- 
larly preferred embodiment for accomplishing this 
goal. Of course it is possible to directly locate the 
gelling agent against the baffle and attach it to the 
baffle itself by conventional means such as print 

25 coating. 

An Example which more particularly illustrates the 
affect of the blood-gelling agent on the absorbent 
properties of conventional wood pulp fluff is set 
forth below. 

30 EXAMPLE 

Two different gelling agents were tested in this 
Example. Each was deposited in stripes 5/16" (7.9 
mm) wide and 1/8" (3.2 mm) apart on one surface of 
a layer of conventional wood pulp fluff. The gelling 

35 agents were adhesively attached to the fluff surface 
using a spray of one percent sodium carbonate in 
water. The add on level based upon linear distribu- 
tion was 4.3 grams per square foot (0.399 g nr 2 ). 
Samples were cut to produce a surface of 4 x 4 

40 inches (102 x 102 mm) with 1/2 inch (12.7 mm) cut 
from each corner so that the entire sample surface 
area was 15.5 square inches (lO^m 2 ). These samples 
and a control sample with no gelling agent were 
placed with the gelling side down in a horizontal pos- 

45 ition in a testing apparatus designed to place the 
sample under pressure to measure blood wicking. 

The testing apparatus as shown in FIG. 3 consists 
of a variable rate syringe pump and means for main- 



Agent 

Gantrez AN-T69 5.91 .46 23 23~ 

EMA91 5.91 .46 25 22 
Control 

(Woodpulp Fluff) 5.49 - 35 38 

The results of these tests clearly indicate first, that 
there is a substantial increase in immobilized fluid 
retention by the incorporation of the gelling agents 
100 of this invention and second that controlled lateral 
movement of fluid is obtained by immobilizing the 



taining constant temperature and pressure on the 
50 sample. The fluid utilized for testing is bovine blood 
which has its hematocrit i.e. red blood cell level 
adjusted to a level of 20 percent of weight of the 
solution. The blood is fed by the pump 1 1 past a 
magnetic stirrer 12 through a syringe ejector 13 and 

55 into intake tube 14. Intake tube 14 leads into a hollow 
walled heat exchanger 1 5 which, as shown in partial 
cross section, rests upon a supporting block B which 
in turn rests upon the sample. A colostomy bag 10 is 
located beneath the sample and sits upon a support 

60 18. The colostomy bag is fluidly connected with a 
constant temperature bath 23 through colostomy 
intake tube 21 via pump P. As shown in the draw- 
ings, pump P also provides the heat exchanger 1 5 
with a temperature control water flow through water 

65 intake tube 20. Stand pipe 22 is also connected to the 
colostomy bag by pressure tube 24. The stand pipe 
in conjunction with the constant temperature bath 23 
controls both temperature and pressure. The sample 
is maintained at a constant temperature of 37*C. 

70 which is body temperature by means of the constant 
temperature bath-generated fluid flow into the heat 
exchanger 15 through line tube 20 (with the fluid 
exiting from the heat exchanger jacket through exit 
conduit 16) and also through the flow through tube 

75 21 into the colostomy bag 17. 

The samples were placed under 1 .7 pounds per 
square foot (1 1 .7 kPa) pressure and bovine blood 
with 30 percent hemotocrit was added to the sam- 
ples from the top side at the center of the sample at a 

80 rate of three grams per hour for two hours at37°C. 
(reflective of body temperature at the area of mens- 
trual fluid discharge). After blood addition was dis- 
continued, the sample was left in the wicking device 
for another hour to equilibrate and weighed to 

85 determine the exact amount of blood pickup. In addi- 
tion the percent of top and bottom stain areas were 
determined. 

Subsequently the samples were placed in a Buch- 
ner funnel and subjected to 5.5 inches (18.6 kPa) of 

90 mercury suction pressure for three minutes to 

remove the free blood i.e. that in the sample which 
has not been retained by capillary tension. After the 
suction procedure, the sample is weighed again to 
determine the amount of blood that was retained. 

95 The results of these tests are set forth in the follow- 
ing table. 



4.24 1.51 1.84 17.4 

4.05 1.39 1.84 18.2 

3.18 2.00 

blood at the time of gellation. 

It is apparent that with the concept of the subject 
invention the teachings can be used in a variety of 
105 methods. The blood-gelling agents can be used in 
configurations of a variety of sanitary products not at 



Table I 

Effect of Celling Agents on Fluid Retention as Measured in the Laboratory 

After Vacuum Application 

% Top % Bottom Fluff Gm. Blood Gm. Blood 
Fluff Agent Stain Stain Gm. Blood Retaining Retained Per 
gm. gm. Area Area Retained Blood By Agent Gm. Agent 



all limited to sanitary napkins. It is only necessary 
that blood be a component of the body fluids to be 
absorbed. 
CLAIMS 

5 1 . An absorbent article useful for absorbing 
blood or blood-containing body fluids which com- 
prises a fluid impervious baffle, an absorbent com- 
ponent and a blo od-gelling age nt (as herein 

defined). ~~ 
10 2. An absorbent article as claimed in claim 1 in 

the form of a sanitary napkin. 

3. An article as claimed in either of claims 1 and 2 
wherein the said blood-gelling agent is present at a 
level sufficient to at least partially immobilize mens- 

15 trual fluid. 

4. An article as claimed in any one of claims 1 to 

3 wherein the said blood-gelling agent is selected 
from medically safe partially hydrated di-carboxylic 
anhydride copolymers and polycations. 

20 5. An article as claimed in any one of claims 1 to 

4 wherein the said blood-gelling agent is present at a 
level of from 0.2 to 1.5 gm. 

6. An article as claimed in any one of claims 1 to 

5 wherein the said blood-gelling agent is present as 
25 a homogeneous blend with the said absorbent com- 
ponent. 

7. An article as claimed in any one of claims 1 to 
5 wherein the said blood-gelling agent is positioned 
in close proximity to the said baffle. 

30 8. An article as claimed in any one of claims 1 to 
5 and 7 wherein the said blood-gelling agent is pres- 
ent in a thin layer. 

9. An article as claimed in any one of the preced- 
ing claims further containing fluid flow directing 

35 means and wherein the said blood-gelling agent acts 
in combination with the said flow directing means. 

10. Absorbent articles containing a blood-gelling 
agent (as hereinbefore defined) substantially as 
herein described. 

40 11. Absorbent articles containing a blood-gelling 
agent (as hereinbefore defined) substantially as 
herein described with reference to either of Figs. 1 
and 2 of the acco mpanying drawings. 
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